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B g S P If B 
1ti9 pnrpo99 0f th« pnwent ttady «a« to develop B«W 
color!«• trio nethod* for tlio «oteoti<»i ftad Aot«r«}liiatl<ni of 
tfone org^nto aoldo and tbolr 9Glt«« 1ti« netbodis devolopod 
«r« ^mnnrisotf 1>«low» 
A new selective oolonr reacttcm for the deteetlon of 
cBf^cmylie «otd« ie developed* fAoetlo mhy&ri&i» in ttie 
fireeenee of Aamnsitm eef%><mate or eodttim eiiflioiiate or tlie 
•odltm eelte of see t i e or foraio or oxelto or pyrwrie ectds 
ie need ae tlie reegent, Assonget 39 eotdSt oltrtc» ieooitrie, 
cxC*feetoglitt6rto atad oxeloacetto eold© ere detected eeleo-
tiirely* o<^ »8^toglat8rte aold ie detected In the presence of 
alanine^ eepartle acidt hoviiie semis alliti»iii (BSA), glateisslc 
acid, oxaloacetic acid and psnmvic actd« fbe lieiita of 
detection for eecorhicp harl^ttario^ eitric« isocitriCi 
oC .ketof ltitaric« oxaloacetic and tartaric acids Br» 50f iOOt 
iO« 20» 20t 70 and iOO |ati respectively./ 
A siHple mka selective colour reaction based on 
reaction with acetic anhydride and c i tr ic acid is developed* 
fhe identification l i « i t i s to |Bg of sodiim formate in 
concentrated fotwic acid* The swthod i s also applieahle for 
the detection of sodiMs acetate, eodiora citrate and soditm 
oxalnte in foreiic, acetic and citric acids respectively. 
• f 8 f«» 
' ^ II0W 0pot teflt for tli« (SeitotloB of traoes of e l t r l e 
md tartar io aeid* in Tlncger la dviralopad* Aoette anhydride 
In the ureeenoe of trinethylaffilne te need «v the reagent. 
Traoea of e l t r lo (2 jag) and tar ter io aolda (5 jtig) ean ha 
dateoted to 0(MS6@ntrated aoette and foreto e c t d a * ^ 
A now etafilo ooiortnetrto laathod for tha detarfiitnatton 
of e t t r to aotd to non-aQuaona aolotion te deveiopod* Raaalte 
ohtained are ehomi in tahle 7, Aeatte anhydride to the 
praaenoe of aodiim foniote hea heen tiaad as the t«Qgent« ¥he 
reaotlon prodtiet aheorha at 380 nm and 530 nm <Fig# i ) » fhe 
proeedore developed follows l!^er»laiahert*a law in the range 
25 to 400 ;ig of e t t r to aotd ( f tg* t ) * The oethod oan elao he 
aaed for the determtnattoii of ota-»0oontttCf trane«'eoo»ttte 
and taoottrto aetda* 
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mtumtnr OP coutm mmwpmm mimn fHE STAnmm cmmftmB 
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Gltrlo aoid N Mtan 4^ S0 Kel. 8ta« 
immmtmm ir immmmmmfmammmmmmmimmmmmmtttimmm mmmimmma nmminim 
400 an 535 ii> %001»" 555 » • 
25 5 0*026 *^ 0.006 0,03% • 0»006 0,022 0.022 
50 5 0*072 • 0.012 0.122 •, 0.028 0.017 0.05S 
100 5 0.142 ^ 0.012 0.218 • 0.048 0.008 0.029 
150 5 0.208 4^  0.048 0.290 4; 0.050 0.019 0.038 
200 5 0.270 • 0.030 0.408 • 0.058 0.011 0.027 
250 5 0.326 ^ 0.056 0.420 4^  0.130 0.015 0.038 
300 5 0.390 4,0.030 0.540 ^ 0.060 0.007 0.017 
350 5 0.452 4.0.028 0.558 4.0.068 0.004 0.018 
400 5 0.528 4^  0.042 0.692 • 0.078 0.008 0,012 
•*! % f«» 
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FIG 1 ABSORPTION SPECTRA OF THE COLOURED PRODUCT: 
CAdOO^i ig ) , C F ( 4 0 m g ) > A € 2 0 { 1 0 m l ) , 1 0 m i n . 
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FIG 2 CALIBRATION CURVE OF CITRIC AClO;CA(yARIAfcLE ), 
SF n O m 9 ) , AC20( 5ml ) , 3 0 min.HEATING 
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tbo ooepletton of tfits woric* 
I^st liat not the lemt t ms very »IM>I» grateful to w wife "Osvoti" 
for tier oonetast «nootireg«ffi«iit« 
IP O 
« T P A & E i l f S 
*i:vtvy grtat aotti^ireawiit »t«rt0 witti m Idea* 
c_o M y c ir T s 
u um OP pOTiticAfioHS ( i l l ) 
f t . lasT OP rzoiTHE® (tr) 
Xn* USf OF TABIBS (vt) 
t V , CBAPfEn • I 
OiHBmX. XUfSODOCffOH t 
ytTEBAfn^ CXfE0 80 
SEtBCTiVE coiiOf!fita!fute mmoietm OF CAHBOXYUC 
AGXI»S 88 
XKfHODOCTKm 29 
ian>EBXNE1ff AI. SE09X0R 50 
lesiri irs 55 
DXSCtTSSIOIt 41 
LXrSIUTOnR CXfBH %3 
VX. CHAFTBB • XXX 
8S1ISXTXTR IETECTXO« OF AtXAU tfETAL FOSmTES XM 
rORNXC ACXB %% 
XltfRODtJCTXOir 45 
KXff!RXIKl(TAI» 8ECTX01I k6 
( i ) 
msvms 47 
i>I8C0SSX0Nf 5t 
A SEir Spot* fESf won fUE rofgcTion <r TSACDS OF 
ClffilC A3fl> TABTABtC AC!»S IN ITlNEQAa 53 
tHtitdinrQfiaif 51^  
SXI^HIffEHTAl^  SCCVIOH 3^ 
jDisenssioii 43 
lilflSBATOlE ClfEO ^ 
V I I I , CriAPfEB - V 
A mV KOM A^QOEOtB SPECfTIOPHOTOMJTBIC SefEBISlNAtlOlf 
OF OITRIC ACID 65 
nrrsoDucf lOH 6$ 
wamwommAt sEcnm $7 
flBS(JIA*S 5^ 
OISCtTSSICm 94 
UTEIIATGim €irBD S9 
(tl> 
MSf OF vmttchnms 
t* 8«l«c!tl^ eolorlnctrle d«t«ott<Nii of e^t^&xylie «oid«* 
Aaalyet (tQiiaoii)t 19^f t05» 217. 
&• Smtittve deieottoii of elkult notol fomstoa in fomio «oi«, 
ilfiel«Ctitii*il«t«» 1960, lt2^ %07* 
$• A new epot to»t for the aeteetlon of iraeoo of oitrle and 
tertorio oetdo In vinegar* 
Mloroolioi9«<F* (f» Fres»)« 
%« A now non»oi|oeoiie epootropboioeeirle detorslniitloB of 
oltrl<? «ot(l« 
Analret (IiOadon), {t^ mmm leafed >• 
(ill) 
latsy OF rioPBEs 
m/mmmmmimimmmm i minmmmmmimm 
fig* t AbsorpttoR »peoir@ of tt}« eoloured pro^aott 
CA IIOO ytig)« GP (%0 i^ ) i Ao^ O (10 n l ) , tO tain, 
heotlag et 160 C «iW5 Speotrimlo 710» 71 
Pig, S W »|ieetro of th© eolanrod prodooti 6A (100 jag)t 
SP (40 ^ ) , AOgO (10 ©1), 10 rain, ftestltig ©t 
100 C end Spootrosie 710* 78 
l^ti* 3 Abeorptltm speetra of tlio oolottitsd prodtwtt 
CA (5<^/«g)f SI? (10 i!s)t AOgO (5 «al)» 50 siln. 
heetitig a t €0 e find Speotroitlo Q0« 75 
Fig* 4 Bffoot of teraperotor© on the eolooroa pro&witt 
CA (200/ag>, Sr (10 ii«), AOgO (5 ®1)» 50 »ln, 
ttoetlag end Speotronle W0» 7% 
Pig. 5 Eff«et of time enii tei8pe?©tur« oo tli« oolourea 
prodtioti CA (150 jog)> SP (SO i«g), AOgO (5 ml) 
mm Speotroailo SO. 75 
Flg# € Bff«ot of time on tlie ooloored pro«Saott CA (50O jag), 
SF (40 m)t AOgO (10 »1)« 50 ailii. tieetlng a t 60 C 
ctnd tpeotroolcii 20# 76 
rig* 7 Effect of eonootitretlon of sodluoi fornate 00 tbe 
ooloored pro<3oett CA (lOOyOgl* EF (verleble) , 
Ae^ O (10 »1) | 15 oilii* tieatlog at 100 C and 
Speetftmle eo* 77 
(11^) 
^•Sl 
r t g , 8 €i»tll>rfttt«i oorve of e t t r l o m%&t eh (iri»rta1»l«)y 
^ (10 «g>f A©gO (5 «il)t 30 «tii« tieAting «t 60*© 
ana Sjpteotrebate SO* 78 
M 










Coloriis«trlo d*t«oti<iii •ud dettfustoatiQii of 
mosm orgonio soldt* 
CSoloriaetrio detect ioti (m& deieratnctlon of 
eoiie ot^enie a<ild@ oti<3 tttettr sa l t e wttb @eetlo 
cnbj^arlde* 
Oeteettcm of oeia© eslng different reogistit© 
at 165 •. S €• 
bfralte of doti»otf08 of eocse seta© ( in ialcro» 
erai3£»y n»it^ eiff^^rtrnt i^egoote &t 165 •, S C* 
BeteotloQ of c<-.feet«^iiitQrio @cld <250 /ig) In 
the |»T«eetieo of ifiteffering sistbetanoee, 
&eel»(|ticmtltotl¥0 tSet^riistoetiQai of oC*&«»toglu» 
ta r to dold by tho ose of cnloa^esebrtige reelo 
biiede In tbe @o«tate foim 6»d ooetio enb^drtde 
©t 165 •, 8 C» 
notcfottan of valte hy reae t lm et tm C* 
Ootnetloii of oodiim fon!!!fite (1(K> fm) in tbe 





T«bl« YX IMiteetloii of ttolde oelnis different refigetnte 
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I*l«rli» ttf t a« i i t t f i «6 t t o i i of «0f8ei aeids ( to 
aterogiraiBs) i t t tng 4l i f f«r(!nt f«« ief i t» 
9«t«etloit of o t t r l o aeld ena t a r t o r t o «eidB 
(80 / ig) t f i the presence of »o»@ ott i«r eeldd 
ot 165 • 2*C* 
i r e l l eb l l l t j p o f eoloor dev^lopsseiit coider the 
st«firterd condi t ions* 
^ temsl tsot lon of e l t r l o oola (100yog) In ttie 
liiroeenoe of SOS»Q fo re ign sobetaneos a t 
CkKsparioon of obeoi1t>atioo obt«ltie<3 ia piroeent 
fifotbod t r l t b Seffr0B*6 e^tbod* 
Coe^firlooa of eiolocolar abeor i^ t lv l t i«e of 
prosfot itetho6 w i th reportodi fliotbodtt. 














Mteetlon tad ll«t«f«iin«tloii of ofianie ncide entf tbelr 
•alts l8 one of ttte no«t fosetnettng ohepters in the enalytteiii 
ehmilotfy of orgeiiie ooeipotmdi* fbo organie meiet conoontrttttoii 
elong wltb »ttg»r to «to taportcnt feetor of froit fsotnrity In 
Oftingeo and grapo fr«itt«» ffie lerel of ootdlty el«@y« playo en 
tsportent rolo la tbe grovtby imiduotlon find itai^etlng of citrno* 
Ofigimlo aoldo reportoa in ettrne exeloding eatno notdo ero 
aoonitio, aatpiOt l>«n9!oie« oitrie^ toooltriot cxC-tcetoglutarlo, 
leotlo^ mollOi tsdlonto, 03K€ilte« gntnlo^ oueolnlo emd terlerlo 
cold. . 8 « » »f tb« onsoolo oela.^ or . tev.>v.<3 to the sain 
ssetaliolio potti^ ejm Of lontisrtlOy planto end iiioro->org£>t3i®{ne, 
Oflffldlo eolds* oontatnlni; oat^oxyl @foo|) aro ^relaeble tn neatro« 
ittiatlon r«eot tons end in the pfoparatton of buffer eolntiona* 
Soi^ o of tttaia are ttaofitl; In cnaljptiool eboetetrsr* A few axamples 
are ttie follmfingt 
(•) Tbo preolpttetion of toaolttlile noroifil aatta o.i^ * tlie <Hc«lato« 
of bartiiRy ooleitUR end etrontloa* 
(1i) Tlio eonvereioR of eertetn tone tn the eolnlilo ocKeplexee e«g« 
elmintne vtth terterto oetd. 
(e) flio redaotttg agente «*g* oacalte aetd in tlte raaetton with 
tho pamangenate ton* 
Umg hafore the d«valopn«nt of taodam anelj^teal isathodat 
proeadnraa for raoofntstni aotde were known to oor forefathere 
for Mtllanta i,a» aotdic naterlals eotild he esetly identified hy 
o 
tli«ir fonr tatt«. It mny !»• of tiit«wi»t to awiitlos tb« follonriiig 
potatof 
( I) Yhe teobnlqtioo^ for toolntio» «»3 p»iifiootlott of oi^ento 
oeldo mii& tbetr ttoe ao foo^ S otoffo, tonlo or oorattve 
ogents wort extenotip&lr reoordl«a in <9bifi€t in tho yreer 1954* 
( I t ) CsiDosjrito doids «r«ro the f i r s t f,itowp of orgoolo ooi^ potmao 
invottifeted hy tHe «&rl3^  irox^trs tn otioaletrv* 
( l i t ) Sehoele*® we© t!i© ftr«t» who identified tartorio ©old 
In 1770f foliowod hy loot to, esttoto end oevoroX iwgetehle 
aotde. 
fho oorlior llteretnro In thie field he® hoon ©uEMi^ rlood 
toy Snoll and Sneil^f Siggla^*^, rolsl^, Seirilfi^ end He***, for 
oiTRenio aeld enolysi* irorloao '^  etoositoinl es t?ell oe Instrtffiiente]. 
iBOthodo ore avntlahlo* ftie ohesle»l snthode ooed are hoaod on 
the nentrollsation^ eotlTO hydrogen of the eafttoxyl group^ eoloor 
roootton • I ooltd derivative* foreation % deceitjoatylotlon, 
14 the Qoo of K»rl rieoher reagent» preelpltatlon eto» Inetronental 
It 16 17 in 
wethoda **• " toch ao or, riaihle* Ir, n^r, isaaa, potentloKetry '• " 
hare heen need. The oarhoxyl ftmetlona do not aheorn In or end 
irlelhle reglona of the epeotr%t»« fherefore« the narhoxyl 
fnnotlone in these regiona of^ n he aoalyaed hy eonrertinf then 
to derlratiree^ irtJloh ahaorhee tn thie reglim* In ir > C«0 hand 
la stronger than that of aldi'hydes end ketones* It appears at 
-1 •1 
1760 on for the nonoserlo oarboxyl and at 1710 en for the 
4 
dlaer* Whtn WB_«ci<! ! • eoiiv«rted to Its afilte trtth ©^  netol tcm 
or triffi«tliyliiiglii«y the isai%oxylat« feme etiowj^  obsorption hantis 
a% i6i0.1590 ««"* «ia *400 o«*^ reinfectIwly^*^*. fn niur®®*^ 
•peetra o^ttiosyl ttyaro^en appoars at a v©ry low fl©l<S, ftitrefore, 
tt» dotootton ftod deteimiiiatioii i s rarely eerrt^d out by this 
teclitiiQtie* fbe oemoaryl ftmetton ean 1># identltloil «itb the help 
Of «<. . .p.<,tr«»t.r. H.B. .p.<>tra3*'»'»^ of vor lo . . oiirbatlo 
ati(9 ermsatio eolde ©re tmovn* fo the races epeetr© th© parent 
feyarcMoorlioii ban^e are gcnei^lly lorge eoough to laeiitify# The 
(soleoctlcr ©et^ht of tho eot%o»yltc eotd i© tuftc© thet of the parent 
hy<|ro«©rboii» latge bisoifle at eseeeo© 31, 45 end 59 tfiaioote the 
preeenoe of OKjngeo* f&e band at «e»e h5 t» dtie to CcOgSD* end 
elwaye eppeare stronger then the bisnda at 31 and 59* Strong b^nde 
oo*ivar et isaee 17 end at the aeeoeiated mneeee 16 and 19. Bl i^ nd 
poly oarboxylle acids ere prone to thenscl deeostpoeltlon* f^ereforot 
each eelde are oonverted to their itethyl ester, before ex'^iifnetlon 
by Qtaee epeetroeoopy« In recent yeore there has bern e urowlnf 
lntef«et In the ftppllootton of Inttrtimentel nethode to the eolation 
of analytlonl probleaa. In the Inetrtntental nethode, the enmple 
ean be reeoirered after analyela and a few mllllerri^e of the teat 
Qieterlal are reqelrwd. ¥he methode ore rapid and highly aeneltlve. 
Bttt they regalre a eof^ let lei! ted and eoetly Inatroment end a ekllled 
operator* Anooiief Inatrmiental foethoda Tlelble apectroeeopy It 
the elitpleit and leaa expenalve teohniqoe* Boweyer, oh»!9loal 
iMtthoda are almple and Inexpensive but they are leaa eeneltlve* 
g 
^ « sjpot t«8t i i heive h&etm^ the imaAlly s i rai le l i le i tna l i r t lea l t o o l 
f o r QOfi l t tat lvo ©nfilyeiv* f l ie advent of eoloar f««oitoi i« fi>0l^«« 
I t f»os8tt»le t o woirlE ottt fHFieroftis seuBtttinB, select lTe anS 
imeqttiTOOOl nottioiSa of det«eticm end da temtnet too . Mow-e^days 
ongantc spot testa tiRsafi on oolonr r«cotl<m8 6re ostrerscly t iaefa l . 
For <q[uantit&ttvo onalyala colortssotr lo methoda are eonsidared aa a 
top mnfelns csotfeod de© t o t f i o l r o i ^ r c t l o t l l l t y ^ Soas« of tl ia 
eo to r tna t r l o proeadera© ased f o r tb© aoolyaia of orgonto acid® 
are at»aartaed i n tal)ta t« I n t h f e araa n tioat aaafti l oolonr 
raaatlon« d lcet l iaKr l le aelda«ooetie enbydrlde-i jyrtdlnot ^^® hcen 
»>p.rtea W Fb-rth ead ll«r»«»><'7 I n t 9 3 J . «>. , ' hovo reported 
tha t nadar tha i n f luenea of acat lc anbydrlda a ehroaic^an l a 
prodttaad f r o » tlie dtcot l io i ty l ta aalda wbleli i a ecKovorted t o the 
lilf^iaant by py r i d ine , fbe aolour reaat ioa la astrocjoly aanei t iva 
and tl ia praaanaa of &v^n Vf^ot tbo dieartyox^l la aaid aan he 
dat<>atad by i t s yellom flnoraaeanoa tn nv I t i t i t , 
I n tha laa t foo r daoedea th ta raaotton haa haan uaad 
i r i t h d i f f e r a n t prooadnraa fo r tha dataratinati fm of d i - and 
trl*eart)03cylio aelda i n d i f f e r e n t ffemplaa* Soiea of tba papara 
pabllahad Brm aoKaarisad i n tahla T7* Thia react ion haa alao h^m 
oaad f o r tha dataot ion and datevi i i t tat ion of t e r t i a r y a«inaa^»®^» 
C i t r t a aaid i n acat io anhydride oleo eivaa oolonr w i th aa l ta of 
t e r t i a r y atnlnet* Qnatamai^ aamottiinB a a l t a , sa l ts of po tass i tn , 
rt ihidit ia,cdasian« stronti tns and har i im and sa l t s of e l tca l i and 
6 
elkal tne ffartb net i) l« w l tb organio cioid«« Hov«ver« aent io 
entty<9ria« t t i the presenoe of ce t t ^ of a l lca l t oetnle baii not been 
trt«<l f o r t!»» eitel:^8l« of ongonto eetde «o f o r . Hon, tbe re fo r * 
mi atteorpt t» toarto t o cirplorc th6 o t t l t t y o f thitt roaot io i i f o r 
tbe dfetootlon &n6 deterratoatloi} of soiso orgonie aotae and f b e l r 
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S« 8tvl«s9liii,7«^ Slid litlle»B*B*t "Oltoieel Oingnotl* lijr 
lAibofotorjr Utthoas^t 7fetrte«iitli Sdtttfmt V«B.8Acifidlef« 
Pourtli ipriiitifig i9iw9% Ptt%ltffli<N!})t 0*Visii lto»traiia Companyt 
%« Ile«(!h60t«f«i *Bel0it0e tm& eiiriltsaiioa to efaliia»| eiis^rl^« 
fb t r i Edttl<aftt« Vol« 2tX» &«1%iii ^ostrond eaa|»aii3rt t^d<iO| t959« 
H* Siggi«|Sftff *l|iietititetiv« Ofg«»to .Aiiatyele Tta Fiia«tt0n6l 
Itronps^t fbir& idtttmi* <l^ bii iriley sua S<m«t l^ v^ roftCf t963* 
7« Stggle^Scy "Sorvty of 4iial3rtt«el dieiDlsti^^t ^ ^^ "^^  n t l l f 
El«»vl*r FtOiitcliliii Oon|i«iirf Aa»t«r4l£»» t96$» ^« S ima S59« 
Xiit«rtei«iie««g hm^mtt t970« 
tO« Ffti«li8«i *Th« Cbcnlttrjr of m^oiMylte Aolds ftii€ fst«i«*t 
Xiit«rt«l«iie««>rat>lt«li«r», hm^tm^ t969t i»* 878* 
11* Alctii«»«o*» A«ta eiilai*8e«iia»t i957f | |^ 7i9* 
18* rf«iiic«l»li*t «oo PwtAiyS*, "YcDUs for t««iittflo«tt«i «f 
OfffiBto CMipotiiiat% chmi««i mAi%«r millii%ttug eo*t 
eitv»l«ad» i9<i8« p» t09» 
21 
«t tti« 8outli«««t ll«gl<iii«l ffiietlng of tbe AOS* iMillfiti, 
t%* C!lseroiil»tlf*I>«» and Mkift.S.p •Organte r«ai«tt(»ial Groap 
^«lsr«i«*« «loliii Wtl«y and Soii»» New ToflCt t969« p» 613* 
ptioiontf r le laeatif ie«tioii of Oisaaio timsp^m6»*f l^trd 
Edttton^ <3otm Vitey em Sons* Hev Tot^t ^978* 
16* |}By«r»^*R«i *A{>plte8tt<Mi8 of jKbsorpttoa Spooiroseopy of 
Oxsaiiie eo@pot8ido% pr»iitlae«neil of XndlOt )^^ Bellity 
t7« IPiBigortB*9 end 6vapeeirefTtB*t i%rlod«l>olytee{i.t 0i«isi«Biig»y 
1972t | & 5S3I Cti«®,i®otir«., t973f JS^ 13163% t» 
18« l»nii@oryB»t totti^K.y find Papay^M^K*, IShast.Aaet, (tforaew), 
1978, 12^ 9%7t Cht«i,A!i»tr»., 197!Ji 2g^ 92l!93 J» 
19* iaiiireetlc,^»t Xopottey^Jvy Xnltiaeytlftt mm 4areo«lE*N*t 
E*AiiaI»C%(i»*t 1965» 809* 
80* Saatlar Chamfoal eiaaaaa Inaast ^ * Settlor Raooaroli 
lia%o]rotorla«» Plillaaalplilay 1^7* 
81« Kakanialil^iC*, *Xiifr«r«<l Absorption Spaotroaeopy^Fraetloal*, 
Boldta^Day, Sen Franelaeoy 1968* 
88* entov«lqrfH«8«» and SalkafA*, J»Cha««1%ra*f 1953t SLP ^<^* 
83* Miar»1l.ll*, and I»liidatron»0*t ^«0i«««fliyo,t 1995* jg^ n ^959* 
8%. llapp,6«P»t agid 6taifart»D»ir», 4»Am*iA9m»Boe»f 1958« 2!i» %%0%« 
89. WaUffarty.F.V,, Appl,8p«etr«, 1957» t U I W . 
22 
86, 6«tille«,li«S,y end MsUff^rtsrtr.V.p A,8*T«}|* eomnitt** tmik^ 
roartli Aiottel Iftviingf S«it Franotseot t9S9« 
S?« rltrt!iyO«9 end IformiitmitB** Biooh6ii«S«y 199$, 8iQ» 4%S| 
8d« 8ff«iilitO*A»|» end Aimy«lt»r*F«« ^fim Mnlytie^l ehmstlBtry of 
Uttrogen am^ i ts eoeipoiiiid»*t I*»>^ <t 1^1ii»» S9t ^otin Wlltjr 
ttfid 6«m»t {few l^v&t t^ TO^ 885* 
S9* Se9«f8*9 Keaf«efiiif^»^«» Ger€eii3»«A*A*y end l^rtliitJr»J*t 
9t* fK h^asmiedfA*, fivfili|A«6«« end eiffbettoort^itn*, ili$e2«eii«s»« 
3*1 M«t,iH)fitrs,, 197$, | 2 , «C33^ 
5S« 09X,B«&»« mm VI}ie!i«loir,ir»J*t BtoeDe»*lfia,t 1975f ts^ 1831 
3%» 8t«f»ii»l«, 9mA l«iliit«]ra,8»y MlliifiotiliitMta, 1979t 1^ S59I 
Anal.Abtirs,, lf75f |2^ •PC*. 
39* itBeM»t8*8*N», r««tiiIt|N«}r«A»eiy mA f«lcl« ll,T»lf«» 8«AMl«Ch««*, 
W 9 . 122^ 5fi9f A»«l,Al>»tir»., 1976. ^ l , lr43. 
36« Botirgl0lt,C«F«t CsilVBMMiStA*lf«, <}«ofi«,l»«, B«lUo«,J«r«« 
lf«t^ii3PfP«R*» ««a ir«tlcr«B*y Anelnsltt 1979» 2^ ' ^ t 
^«l,M>«tr«,« 1976t ^ ir««« 
37* I«»lettr,ii«l«y KlsoHtJ*, mfl l«sl«iir,B.f AmiAls pltaiv.fr,* 
1975i S, 6771 Aattl.Aiittr*,, 197«t 2t» «W07. 
28 
5i* Bi>iii«Iola»e.r«« «iid lliitog«3r»F.««y Xttt.0»Vitii«i«llvitr*R»«» 
3% I«««K,f*, ems fm^UUwt mkr^ehtmmAate^t iff3t £ | m* 
%0* Si0ok«iflt»« ^«oltii*C%«ai*etia«Bio«t{efli«9 i976» 1%^  lOtf 
j§li»Bntiltt.fflil«*t *9?^ 31^ 599| ABal.^»tr»», 1976, J i , 5Ctt» 
%3# l»yiial,K»8#t «i« Eio«,C«A«t Hoft 8cteiiee» i$76» 11, C3| 
%%* l^«ta,X«, ICatOyH,, oii<S £te&l,T»t Binatio Kmes^ 1976, SO, 9^11 
eiieeivAbetrs*, 1976, i g , 18867711* 
%9* i!iiiitR«tii,A*S*, J,/i9pI»ai^,filt}te6l»iol«, 1976, 0§, 617t 
Aiiftl*A!i«tr»«, 1977, 11, !&f^ 6» 
^ , er»««,B,R*, Itiiiitg««,lt»G«, 8av<iiy,«l«, and W«iits,!>»V*, 
eila.CliM*, 1976, m, hm AmUmBtvB^t 1977, 22, 9mi9. 
%7« X«rft»a,A,tt*, liattftdt,^»J«, lt»ti«r,J«, ena eeeoeoo,r«, 
^•A««,Off«Aa«l«Gh«»», 1976, 22, 766| A&«l,Abiitm«, 
*577, :a|, «F57. 
48* Ka(blii,9«, ««d Oatiialilrl,ir*, lfieyii«Xiid*B«rl«, 1976, 2S» ^^ f^ 
Aii«l,A1ittr«*, 1977, 21, 3S50* 
%9* eo«t«Ilo,J», H!iteti,»,, mis 8oti9%:e,B«, J*lAt>*Cll]i*fMd*, 
1976, 22, 905f Aii«l.Ab«tr»,, 1977, 22, 5D97« 
50» Ylivor«nOi,tr»F., rara.SI}* (lCl«v*), 1976, 2^ 26$ Ansl.Aliatrs*, 
1976, ^ 1K19* 
24 
tf78» a^ *»**©• 
St* l)li9tt«r«« and lllil»i«e«eii»l»»» Talanta^ t977f | | » 5351 
Aae»I«^0tr«,, 1977i 22^ ^3» 
!0« Saia4tR«I#*t ana |!t)a]ir«varll«P»» Aiiii«€Sits« (rarta) , t977, £# 9| 
Jtti«t*AI>»tra»f S9?7t 22^ ^^^7* 
5%* fallettertO* ai^ Bfe0aard»R*^,i Food Sei*» lfT7» fk|^  t%7* 
55* iralit»t»4»A«tf»t iSb^imitU* emA Belaiti|8«li«« ^«Aai*Off,^a|«aiaB«, 
S977t a * **'^5t iteal«Ali«tf»», t978, 2%, %F30* 
56« Itoliian^Its^S.G*! atsd 0alQiios«B*8«,f GhiaB^Cbroei** t9?7g j | | %5if 
A»et«^Btrf>*» i973» ^ ^S%# 
97« fftmeofi^ *^w«« and 9tlQti«fl!*f <l*ltiara*8oi#» t977f 6g| t ^ 5 i 
iliiAl*Alistr»,, t978» 2 i * !^9« 
58* 9tal>»4*lt*t itnBaiiiitroraeh*^ t977t ^ St3^| ittiattAliatrt*, 
t978t 2 * , 5»208« 
59* HlroiBt»l#« rtiJiiiMri»R«t <lf8iieo»«r*T«« fralcataiilyB*t {^nUtityii*, 
ana 9oB«iiir»^ll«« m^mmtmtt^f t977t | t ^ t555| ABal*Ai»atr«« 
<iO« #erttHfttiia«^»» asa Cl«elc«jr,^« (|«ravtata» i977t fi^ Mf 
A»aI,Aibatra*y I9789 2iy ^ W * 
6 t . ^oiitl^a«l>t«el*t i977t ^^» 51t Aaal.Aliatra,, 19789 2S» 
t1Xt9S* 
6S» FtloBa,e,J«9 A0«jr«Fiiol*iritftaft» I977t 28^ t0%| A]tal«A1>«tf««p 
1!>78. 22, tr%3. 
25 
6%* Qrl«ler«8«» fttrsottfO^f tottontKtt eiia fvme99emtfn*^ 
69» fttirfta8»1l*» ii»t«ikcili«|T«« Xt»tt(MiOilf«f ana »»Fa»lil»l*^ 
Mel*Ab9tr8*t 1978i 22* 9®5» 
tt78» 22)1 6CB9» 
^el,i(l^stjr8«» 1979, 22» *!**§*• 
U P 1 5 8 | SmmUmwtWt,^ 1978f 22> 5<J2** 
7<9* B4slie«te«t ptrwrnmBtmUfU^t coitf retir««eiitir*f »«VftCli«ii* 
(liiQliar*»tU 1978t £§^ 780| Cli«B»M»»tiii», 1979, H^ *79898« 
7t« €ft»*r*««B«f Bio«feMii»S*» t9$$» |g%y t£p 569} <9i«»*A^»tr»«t 
i936f ^ 57%5^. 
78* l{tt«af««tR*f Aiuil«ji«Siie«l«p«ii Pt0»^it t« , 1936, 2 i^ ^ ^ f 
fShmi.Alictr*,, t936i 2S» 6309'* 
75* 8«ffr«ii,ll«y «i« »«ii«t««t,0.r*f ^•lli&}«<S>e8i«, 19^8, JTy* 8^9* 
7%« 8«ftii«3rpG«v,, 8«hr«tii«r,K*t Stf«miii l««fir», nod Ali iMs,K«t*, 
4r«VloI«Cb«0i„ «99%t g06«. (5991 CM»*Ali«tr»*, t99%t M» 9^^'^* 
79* 0liicaM,8«, 4^»9ii«rtt»8M»»il«|iatB, 1999, 22^ lt2%| C9i««»Ali«ti«*» 
1999* 3^ lt9»* 
36 
7€« Ansttroiiiitf»D«» Sti«w«K«ll*r»t ottd lteli|P«Ef9 ^•Biol«eii«ti«t 
€b«ii*Al>str»*» i999f SS» ^ ^ ^ « 
ehci»«A!>ffty9«, 196t, Jg^ 5?9ia« 
S6fiiat]i6 Ha^ Ay I96Q« jS^  tG39s ei}e»»Alieti%*| i960t S|^ t9d05t» 
8i« Fer««i%F«0«l^ «f ana Al«etdiit8»B«» ^r.CHiroeat*, 190Of §$ ^3* 
iS^ 5591 €feeai.Jtti»tiro,, t9Sl» "^ t8689f. 
S%» eii«iil>oB»r«» Aiiii*|ti«fii«rr@iio«» t9€5t H^ 6131 i^uil*Al)8tfiB,9 
196%, 11^ 325%. 
Aiial«iKI>str**y t96%f tt^ 3^» 
i963» Si* it%| ilii«l,i»>iiti««, t96%t tip %3%6. 
87* f»til»f«y Mi<l tftrtVyS,* 9al«iitey t969, j£^ t59f Mi«l*Al»8trs«t 
i966, IJ, 3040. 
hiMwi lie,, 1966, %!, 97| AB«l,ADBtr««, 1967, |%^ 5601, 
27 
90* KiJlc««niTtit*ff eitii*eiil««Aet»» 1969t 8 ^ t9t J««I«^»^ini»i 
91* F0timfterft«8«t a»d TtolfiorwtA^tMB.^ iteiil*<S^li9»iUst«f 19?tt 
jgj^ 5»T| iii ial#At»itr»., t^T*, at^ %593» 
92« 01ftf%«B#&»t ^•Agrte«f^*etie»*| i97t!i ^ ^ i | ilii«»I«AI»8tr»»| 
*9B» S i , 30*« 
9?« t«iig,B*0 end I4iiii»8«t 2*ABeI«€ibaB«0 i97@t t60# d| Mal« 
At»eire«t 1973t |iSt^  i90» 
9%« &eiiig»Q«t m(i %mm$^** 3*iSirmmt»f i97@f |2U ^ ^ t Anal* 
Al>»tf«»# t973, ©|, 3*1* 
99« l l r i t i i i i 8t«itdavia« It i6t i t t i t io»p m 7701 i976t Part ?# p» 3$ 
im»t»M»timm$ 1976t ^ tinS3» 
9S* FolilotBd«ICtP*S«» irollwsiiiiya*^ ena ViBt«r«IT*t ntf i i i i««i«, 
97* Ofem«ri«S*« Ile«iii»ll«t Kiiti»S*t mid <lK«t«ylt»» AiieS«<Sli««*p 
i977f 12, t*9%| ibB«l«AI>»tiw., i97«f 2%, %©t59. 
i f W t MS, 8*7» 
99* B«tliof«tB»8«t Aktitfirttt«ll«| «fid Sli8nB®«8*K»« Aiial«aitii»ilotfi» 
*9«0. 112,1 *07. 
100« ll«tlior«9R«8«, prfiiee«ti»A«y «»a 8heftta«8«K«« Amielit l^i Chin*, 
190O» «S9« 
l o t * lletii«rt«lf*8«» Afeiit8rylf»ll»» aad 8li«mMitS«]e«« tftero«ii«««j,| 
t9tO (Hi !« • • • ) • 
c B ^ p y E a * f t 
mmi^tm mmntmmte mmemm m urnQXtuc Aottm 
29 
A iolntitm of oltrle oeld in eoetto onti^ rarlde bm l»(!«a 
nneii for iho oetectlvo dot«etloii of torlleir i»sitti00% fotgt 
r»isa«lted tbat the clioeiisttT of the eoloor tett oeest to tie 
eoi^lloeted &n€ Mo not lieen olttoldeiod* tbo ootisttoii of oitrlo 
0Old ttt ftoetio oaliydrldo oloo givtiB eolottrf ultfe salto of 
tortlofy i»aiiie«« i|iiatenio«7 omonttm ealt«« salts of poteo®lQ«| 
rt^iilttffit oeoetii»» etroottoa m& tiarloffif m0 eclte of &lkoli 
end el&filliie oortti t»et0le with organio eeftde* Bo«rever| tlio 
ooloor ifooetioa tiet«e«ii oitrle eol^oeetio imbydrlda end ootto 
of oI^<itt i^tale tias not previooely htsim otodiea for the dotoetios 
or ^toratnotlon of ooriiosirylie ootdo* in attOftrpt hoo heen wmm 
to noe ttit® roaotioo for ttko ooloottune aoteotioo of eertola 
oornoxsrlte aoias and c<«4c«togIuterio eotd lit portfteoler* 
30 
411 ehe»tGal» »nd r«6gesit« wore of aiioX3^tQal»reei;«iit 
gva@«* Jo filtiRtlattsB ti«ettiiig ibltmk eotnifaiiiod @t t69 *,^ ^ ^^* 
enployed* A i^itoa* or ethenolte eoiQtione of tlt« t«st eabfttaaoes 
(t%\ tKSttm {>r«f6re<l» liien It wa« not |}oeslti]i« to |»rtpare <a 1^ 
eolntlcmn o tm%nrat%e& solotlim was tiaafl* Bcmex i*XS aai«Bi««X6haiig« 
realQ (S6w*|^  W tsaeb) w«» ea«ii«rt«a into tlie eai1}«mcte« fortnata, 
aoatata mxS oxalate fottsa %y treatnant witli a I H a<jQfooa aolottan 
of aodttm oat^ooate^ formic aoiay aeetio eoidi or oxolio aeid, 
reapeotif^aly* ffea raaiua olitaljsefi i»ra weahod wltli diatillad 
water aoa dried at room t«a|>eratare (85 6)» 
Oenaral tr9*i%6vint 
fWo or ttiree aropa of '^e aolotios of the test sefbstaBoe 
(1 i^) were ewaporated to dnraess in a niero teat^tsibe hy eaatioas 
direot lieatini i s order to eltaioate a l l eotaturey eooled to 
roa» tewi»erattsre aad then two or ttiree drops of aeetie aahydride 
were added* the eoloor tliat developed was notedt tttea the eonteiits 
of tbe ttibe were heated at 165 4^  2 C in the beatittg hloolc for 
5 ainntes sad the eoloor that sahse^nently developed was also 
aoted* 
fee or three drops of the solution of the test soAistaaee 
3i 
and en mnvml rottm«t of o 1# s^oeoiift solution of ei!r@io»i«iii e^tbtmat^f 
9o€itm ofi]Et>o»eto« 6o^ia» p^mv»t*^ floditn foireate^ 8o41ti» eeeft»to 
or sodltsH ax«l6t« urere evuporotod to r^3m0S» 1» o mtmw& tost»tHi&o 
ana tlie oliove prooodore WG» followed* 
Tii« el>OY» pmceGum ti»» tM» ooirrt«d oot ^ot in pleoe of 
tile e<}a«oae oolottons of fiQltOy 8*10 enloo-oiisohaBge i^elii beads 
in tlie e6f1»o»6tei fortiatef eeetate or osslote fovs} «ere usea* 
Peteetion cna SBtti^'gocptitfltiiye PeterBinatioti of Cotttoatylie Aoias 
—TTrniinniirriiiiirriiifriniiiiuiriiii. ninDiiirfiiii[)i[iTitf-iiiiiij)-..iiiiiiirfr'r*Tt-nrrT itT'-r—r—-nr*^-''—,..^_^^...—, _ . —.—^.„^..,^,.^_>^^—^^.^—rrr^-Tr-nnnniriiu-iMMiiimjuq 
in ttie Prea^Boe of roreJan Silfeetepeee 
A» © reedtt o* tliis etu&y^ i t im» ooisoIti^ lQa thot eoatira 
ooetete^aoetio mtW&Tt&e m&B t te boat reegimt for the aotoetifm 
of osrbosrjrlio aoide* f t «re# tisea for tbe aotootlwi of eorboxsrlio 
aol<li»« neing c<*»lretoglttti3rie eotd ©0 a r©i>r®«©itt©tl¥0 oompomia in 
tile preoonee of laii;e eisounte of foreign 6obetOBeee« 
Peteotioitt of oC«»leet<^ltiterte mM 
A fenoim voltif*;e of the oQcieoae teet solution (250 m)* two 
or tbree arope of eoaitsn eoetote eolation (@ ng) ona e kntma voltnse 
of e eoliitiott of tfae interfering enbetenoee (ae listed in Teble V) 
veve evapof«tea to dryneea in a mioro teat-ttibe in order to 
elininete o i l eotatttroy tben cooled to roots tenperetoref f%ro or 
tdree dttipe of eeetio antifdride were added and tbe eoltition vae 
heated at 169 • S C« The reeolt eo deireloped «rae recorded* 
32 
Knotm irolmnts of th* utoliitloii of the t««t 9ilt>iit«itic9 
end 6»10 F««tti Deadfl ill the eo«tat« foriQ mite pleoea In Qtttemnt 
tent-tafias and the oboire prooedare iro» followed* fhe oolottre of 
eolottoae of tmknowii ooooentratton i»ere d&veloitod in the seiie vBf 
end tli«ti the nature and tnteoalty of the ooloare «ere eont^red 
irith those eihteined from the eolotione of toosm eonoetitratioii* 
3 i} 
vmmvtB 
^• l iaytw «f Other Coapoimag 
YHirloQft oiri«nto oonipoiaiKis (t«2 i^) Mem t«»teA 1>r the 
waemmfmdea preoetfore una vere fotms not to loterfert}* Hie 
followliti eoaipiitiiiAe «r«f« teetedt 
A»lii«0i Aiiiltiie» diettiiwoli^ioef diiaettiylatsixtet dip^enyltmiae end 
tri^etb;^ lasiiite • 
Jlaideat Aeetetit^, tieaaenlAit im^ «elleirle@ldo« 
Aleolioleg 8tttcit-l*ol, ettisii9l« «»ett}aiiot &n& pr(ip0n«>l«>ol* 
€ai%oli3^af@te0f 6liie08«i laotose a«a eiieirote* 
Esterei tthyt formate* 
BtDerei Oletiisrl ether. 
Beterooi^llo lieseei Iiidoli»f oieotloe ens pyridtcie* 
HSraroeftflKMae ena their derlTettireei B s^si^ tiet eerhon tetraohlortde, 
ohloro1»«Biceiie« nitrohenffenef ll^ht oil mi6 o<»toliiitfine« 
Ketoneei Aeetoito i>»<S aeetophenone* 
Pbenole end their aerivett«»ei eeteoholy bydroQoiiKmei ^ttinollo* 
8»ol9 phffittol and rotoreinol* 
lite follovtng e(mpovm6» ^l»8 mg) were found to interfere} 
the eolOQin deireloped ere given in perentheeeei oinntmeldehyile 
34 
(Itgbt 3niIIow)i fM)ltrot)h<iiiol (tigtit y«»lio«)t pyrrole (r®d)t 
Hhe r»0iilte oihtetaed of ttie dtiteottoii of Terious aotfltt 
ere ]E«eoirta«d lo table I I I * ttfitts of deteottoti are giireii in 
t8t»l« X^ « The veeolte of aoteotlou of '^^•ItetogliitQrte ooia to t&o 
proeeneo of soae intorfertii^ otibetoiioes ore giveo i» tebte V* flie 
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# At)l>rtvtatiaii« os la Y«1>1« l i t . 
41 
Dfscinsstos 
FroB talkie I I I I t ecaa lie wen that noetio f»ofiyart5« olonc; 
gives oolonre vith varioos ectaSf **<rt ^^^ tensftiirltsr of tlies* 
ooloitr reeotioQS t s !<>» oiid tli«F cannot he tie®<l for en^lyttoal 
ilMsetie cnhyartae in ttio presenoe of nmsoalcsB eartionate 
givee oolonrci witb IS of the aoids. Acetic eabydrta© in the 
presence of eodium carbonate givee colonre wittt ik of ttio aoide, 
witb higher intenetty than thoee with 68»oeii»Q corhonete. Aottio 
enbyairide In the presence of eodlaa pyrnvfite f^lvee coloor with 
e l l of the ectdei except pyrnvtc, glntenie end horic eciae ena 
i t tttorefore oennot ihe used for the eeleoti^e detection or 
<!eter»inetion of the eeia&* Acetic anhydride in the presence of 
ecdiiiR foreate iiivce oolonre v i th ^ of the eoide^ in the preeenoe 
of eodittm eoatate with 7 of the eoldle end In the preeeRce of eodiim 
oxelate with 8 of the ecide* 
Ifonoe ecetic anhydride in the preeenoe of sodiam aoetete 
or soditm oxalate te aore eeleotiire then in the pretence of eo^ Ylimi 
foraete* Table XV ehoi^eethe following order of eeneltlTity of the 
coloor reeetlDue of ecetic antiydride in the presence of the 
different eodiim eeltet ecdion fomete > eodlnp cerhonete > eodicMB 
aeetete> eoditm oxalate* Vtins, acetic enhydrlde in the presence 
of eoditm fomete con he need for eensitii^e detection end in the 
42 
prtfieBo« of (Bodtutt ftettnte or ox&lat« i t (seu tie tmei for •$l«s<itlve 
ft«teetiofi« For exatspl^t lt«toaio«rt»<MiyIlo «ioid8 (o<.-k«toglut8rlo 
em& oxaloacetic) e«ta lie dllsitngtiiititi^a fron ti;eio»oiiooQn>;:m)flto 
acids (glyoiollo eotf pyrmrio)* Ptrhups the kttooonoocrtDoxyile 
fioi^0 do not rcGot uoflor the eoiidttiono used* Siwilarly, 
bs^rosytriOBrfeoxylio oetde (o i t r t e ana i sooi t r tc ) eoids eeti l>© 
disticguiehed frcws hydrtaryfiiecrfeoiiylle eeid© («B«lio end t e r t e r l o ) , 
Aoetio fiiihydrtde In the preBHWSG of eoditsa acetctc ptves 
o fii^entsh bloe coloer «ri«i o<C«&«toglateri© ecid, ^ i e l i i t different 
to tliose of the reeointng 3S eoopomide (fGt»lo fXI)« 1%io l i ^ i t of 
detect ion of c>C-feotoc5ititerle eeid i» S O ^ (fcfelc IV) • M low 
c<me«fntr0tioiie (Ices tticn iOO JH®) i t gives c Urowatefei bloc coioor 
inetced of green isb iblnc^ end tben cannot t>e dicttngntshed froa 
osaloaoctic ©oid by t h i t procedore* BTowever, cepertici g lo tes ie , 
glntario and pynrrie eoide* ©lonlne end 9SA s i tu no colour end 
do not in tcr fer t in t&e proee&nw (f^blo V). 
fable TX eliove that enion<»esehenf!e resin beedf? in tbe 
acetate form in tbe pretence of eeetic anhydride can be need for 
the »ei»i*quantitetiye deterainetioo of oC<»lEetoglutrrio ecid. Tt 
i« of interest tbet pyrovio eoid does not interfere «i tb tb le 
deteminetiflot of o<:*lfetogliiterete» nor does oxaloeoetiite when the 
keto ecid coneentreticm ie not extref!!ely low* Theee obeerretioney 
together with the f tndinn thet eiibetentiel anottnte of SSA eleo 
do not interfere^ etiggeets the poeeible ose of t h i s reaction in the 
eeeey of tmneeiiineeee each ee glnterete oxeloecetete treneenineee 
end glnterete pyroyete trnneeiiineee* 
43 
MfERATOUE ClfEB 
01eevler« A»9ter<3e»t 1966t p» 252* 
3» FlBer,f*t*» "Oiicnte Oh©BlBtiif% fbltiise !# Sixth caitt(»i» 
e f l A I » T E ! l . X f f 
45 
P. lg l ' i . . . i«port.« tbat oltr lo m,U 1 . «>.ti« «. I>,^<|. 
giiro0 • Mtifitive eoloor with t«rtl«fT <^iii«8 ^ieh een 1»« ased 
for t!ie ••l«ettv» «««e«tiQii of tert iaiy aiBtit«0t Citric «otd In 
aeotie anbjrarldo^*' «l»o give* a eoloar irltfe e l te l t end «llrfiltiie 
eartli tattal salts end 4|itat«rft«r9r aenonliia ftolte* flie ^emistry 
Of tlie reaetioB lo fflstmo^iif ena tli« rveetloxi lt@« cot preirioatty 
!ie«ii aDf^liea for tli« tfotaotlon of organte aeld aalts In organic 
acl^a, OMHsarelal forelo eala oft«n oontalna forsataa or aoatataa 
avan ttioi^h I t Is aeal^ ^nated as *{»iire** fttarafora ttie aliova 
eolonr raeotlon was atnaiaa and applied to taat for Sflnli 
itiEpiirltlaa aa tfaaarlbad In ibis otiaptar* 
46 
All etoeisiieQle ated weire of enctlytteol gr«ao* An eleetrte 
«at«r botb we« ii9«a for tteatlog end a spirit iosp wfis nsea for 
«vepor«tiiig tbe Boiiitios* Aqa^ ooe or eHionolie solntiose (1^) of 
tli« test 9Ql»stetieee v&im ufiedt Itiore i t nas not |Mie8i!>l# to prsparo 
e i^ KOlotioiit e 88 tore ted oolotioti i^ ee used* 
file t«6t solntton (1*3! arope) w&e ov»por^tea to erftmnn in 
e eiiero t«©t-tot>e hy oeotioss direot tiectinn* (Alterootlv©ly# 
sev^rol m <3<t ^ ^ solid vae tieea«) After ooolinst i or 0 <!rope 
of ottienoiie ottrio acid sototton {ts,€\ ana ea e<iaQi Wimm of 
aootio entisi'dride wera aased ati4 tbe iiimt«ir<» naa hooted at 100 C 
for 5 »iiiiit«a# ftie eotonr developed tree reooraedt A rod oolo«r 
denoted tbe preeenee of eodites foimate« 
47 
WtSVVfB 
f l i t f«»|»oi)««0 of ooespomidfi vbtoD go«« ooloore In the 
fe« t pyoceaaiw ei« cnsnftrised i n teb le VtT* Dfgonto {$oii{io«aas 
Cl<»8 eg) verD t«8 t t d 1»r ttie reeoensetidfid proeeiSuiies noa were fonn^ 
not t o i i i t f»rf i )r«* fheee ooi^T^tixid^ t^ere ae f o l l o v s i 
ik»td«i AeertiOf e>eoot%to« t»efi0#te« otntiosilct^ f0f»iei^ g a l t t o * 
@lyosE|plte» leot toet i i i o ( i t t i i t « | a»»ttrcit>eii«oiG9 fMniiftit»enK«>te|p 
Wrmie^ edllesrl iHf aaipiGf f ^w i r to^ g2titorle« =<; • t e t o s l o t o r t o , 
«f i leiOt aal iey usalcmtOy ds«»lio« mraloaeetif if {il itttotiOf etteetiito« 
ta r te r tey o t t r t o t I voe l t i r l e , ospfirt ltty sluteatep borlen nriet^ 
hy i l rooh lor tc i t i i t r t e « f^et^hlortoy eoli^ttr lOy al@tiin«^ I^eyetitto^ 
g lyol f ie and loiy^teio* 
f i n e s t iteill ine« ^sietlnmaleffiiitie^ aleothi^leiiiflie aea aiptsenr^^B^tne* 
MMtiBt Ae«tC!»l<}o Giidl lieii%Mitdte« 
AleoliolAi BintQii»l«ott «t l tai iol cm! i!i»tli0ii9l« 
AI^i»lsf^«8i p»i9ltrotieiic&l<!e^:f<^ ecM} v e n l l l t t ) ' 
Car l io l i^reteet Glaoo«« ttii^ interofNe;* 
{ ;«ter«i E thy l fon8«t«« 
Eth«r«t Bt1i«r« 
liydroe<if%ooe end t h t i r tftriip»tlv«ts Himeetie, cj«ft>oii t e tmoh lo r iSe 
enH »»tolt i l(!ta«» 
1t*toii««i Aoetont and Q6«topb«iiocie« 
rhrn io l* man t t i t t t r derlvati irftSf Cttaetio&y liy4ro9iiii><m«t pb«iioi eat! 
retot fo l t to l* 
48 
Sodton sttltst S f^liiea «hlorld« (ina «alpb»t«» 
Vhe foltowiiig oo>it»oande gmre e eolour* and ttit<»rf«i«a witli 
the te»ti fiicottue mia |>yrl«l!ie (dei* r««)t iiitro> «^ni«ett« Cpnle 
orengelf pyrrole (pelc y»lSaw)f triBethylcstne (lirmm)i tblotir«a 
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51 
mscvBBton 
It !• iiit«r*«tlng tb«t mim tnlts een 1^« at6ttt)giiittt«a 
00 ttm I»e0i« of the oolottr deirwldpod (table VXf)« for exa^li» 
sodtim ettrate g&ved f>iti& eoldur to i t oati t>e distlngoietted 
fros 15 salts tnidier «ttidF* Sl«iilarly«) forsste of amsotiie emei 
«o6ifm gimie » a eoloor eo It oeo also he tatstliigiiislitta froii 
other 12 «e)tff« fBhle Vfll miove tttat the test 0011 1»e oarrlea 
otit In tbe pretenee of eidtiy eeiae eodl eclte end tttet eoAttHi 
fornate een 1»e detooted to o<moent« t^ea formto ooia end gloetel. 
aoetle eeid* ^ e test oen oleo l>o need to deteot otiier el^eli 
ctetel eelts of oottiosyllo aeide t» eerbomyllo eotde* fliie vee 
eofiieved for todttm eoetet«« sodttsa oitreto end eodttm «Ksalate 
Is formioy eoetio end oltrlo eoide^ f«speotlveIy« 
52 
t» feigifPti *Spot f«»i8 in Oi^oslo Jtii6tywtm*f S«v«ntiE) Edition, 
Blseviert 8^Wt«]Pdae» i96Sf |^ « SS2« 
tmi&mf i979f p* ^^« 
5* Pfit{!tit6«» *flie I3ltesii@if7 #f eax%<>sFHe Aotde ana Ester**, 
e a A i> y E ft ^ TV 
A sEn sypT tESf ron rm mmeftm OF vmmB 0F ciymc 
A*fD fAHfAfllC AeiBS IK f»IE6AE 
54 
mfimmicTxoii 
Twntt Tlitftgar vliieti i« prodoo«d hy termntotifm of alooholio 
ltQiii<!» ooDtfiint %.%% «6etie «eia oloag witti enall Anoimtfi of 
eltriOf foiwio and tertario iseidfi* A gotierGl toot for hytinmy 
eetds l»08e<l otMrn the formation 9f ooItit»le eemples ealta wttli 
elroonloR} tn mmmiieeil tolotloii vihieh oe» l>e deteotoa tijr a 
f loorosoonoo voaotion wttli worln Itaa boon reportod • I t is not 
a v«r7 fionaltliw toot anlt not applioablo in tlie proaOBoe of ati^ ^are* 
Tbereforot ttte follotftoi atsplo m& aaiialtli^ teat Haa boon 
<3«v«toped for the aetoottoo of ottrto and tartaric aoi<3a in 
vinegar* I t ta tmo^ ia thct eoi» oarhosjrlto uclfle »"t^»^»^ pro^uoo 
ooioor with oeatie anh^^drlde ia the preaetioe of tert tarr asttiea* 
the test oan he used for the eeteotive ioteetio» of 8o«e oarhoKjrlte 
aolda » Xt em alto he oaed for the deteetlon of traeee of 
a lien I t natal f ornate'^ in foimio aeid* 
Maw i t haa heen foondi that ace t ie anbydride in the preaenee 
of trinethylaiiine oan he oaed for the deteotioo of at t r ie end 
tartaric aoida in traoea in otmoentrated formio and acetie aeida* 
the reaolta ohtained are titwieriaed in thia chapter* 
55 
siftsiMSirrAi* i^ iiYnnr 
Alt etiMii««l« and rcasenta tts«d vert of Aaalytteal gvedt* 
jln QlfiBfiiiicin Meeting liloeic tiint wfi« IieDttd wit!} « Hfitrtt l«ii|> to 
MttintsiD 1 0 #^  @ €y •m6 m spirit Itmp for evAporeting ttie solution 
iMre oii»a* A^monw or «^)«iiolto •olotioas of thft toot ot^etmioo 
(tfl> wtro oooli* Xn 0000 vtiofo i t woo itot pooeilsle to iiroporo 
tfS oolotlaat 0 sotorototf •olottoo was wmm^ 
CNinoral Prooodaro 
flio toot «tiliiit«iieo oolatioa (@ to 3 drops) ira« tenon in 
0 0iioro t«ot<*ta^o ond omporoto^ to drsnnoeo ^ oeatiooo divoot 
tioatingf eoolo^ and thon @ to ^ drops of oootio anlijrdrtae irore 
addo4« flio ooloor aovolopoa at roo» teisperotoro vas roooriod 
and ti^m tlio oontonts of thm teot»tt)il>o imro heatod in tbo boating 
block for 5 sinntoo* flio ooloor so dovolopod vaa a loo notod. 
flio toot stil)at«neo oolotton (2 to 5 drops} and oqoel IPOIDMO of 
an otiiattolio or a<iaeoao aolntion (151) of en anlao or salt vara 
takon in a nioro tost*tiil>o and aftor avaporetion tho aboiro 
prooodora M»§ aaad* flia limit of idantlfioation ^tf also 
datominad hy tito abovo proeodoro* 
Potaotion of oaf%o>ylie aoida in tfaa prasanea of foroign 
on»stanooa 
Aa a rasolt of tbia study i t vaa oonolodad that 
56 
trtH«itiiy!lit8ila«*>ae«tie tmhy^rt^* ! • tlw b«Bt rtAgmnt for tb« 
d«t«eti0ii of ofsmii« field«« fborofor* I t vo» ns«d for ttte 
4«t«etio!i of ofgente aetds In tli« pr^twuoo of « lafgo «i»iiiit of 
foroign «ii1^0t6tto«»« Oitrio oetd ««e taken a* tlie r«preft«titetiv« 
of ttte aei i t * 
l!^t«otioa of oitrto aotg 
41 Iciiolm irolitilD of ttio AQtt«oti« t«iit soitttloo vee tefeen In 
« istoro tetttwiolyey oontento of l^o toet«td^o woro eiratporatod to 
Grynemn, oooloa to rooe toeperstiiro (@9 €)« f to @ dropo of 
trt»etli|rifflilit«y e to 5 drops of ©ootio mixr^ri&e w«r« addod ciwi 
thou Ideated at 16$ ^^  S 6* 
57 
msvms 
A oti!<il»or of typioBl oi^anto oospomids (giirca below) 
mere «#eted hy the reoo»siend«d proeedmw ^n& m)r% foaad not to 
interfere wltli the test* 
A»ldlBSt Aoetaiit<let beiieamt<le am eallosrlerat^ le* 
Alooliolfi 8titc»)«'S«olf ettienolf eiettienol end t»roiien>»i«ol« 
MINibydeet BenecMebyae* 0»nitrc»ben«eldebyde» eallesrlGl^ etiydle 
en^ vanillin. 
Oii%«^3rdiiiteet Qlneoeen tsoHo^e enfl eneroee* 
Eeteret Etbjrlfot^tate* 
Etberei Btlier* 
Eeterooirolio h»me$ pyridine* 
iBjtdroettfbooB end tAieir derivetiireet Benisenoy oerbon tetraetiloride, 
ehloroi>eniten«^ ttitit>1»ett«ene» li^ht oil end O*totnidine* 
Ninerel eeidet Sydroeblorie end nitrin* 
Ketoneet Aeetone end eeetophenone, 
rtienole end their derivetiveet ceteehol* hydroquinone end phenol* 
0reeei fliioiiree end nree* 
the followim eoBpoufide were eleo teeted hy the firoeednre 
59 
Aoids t IX III nr 





































































































(t«1>I« IX eeatlntita) 




iBftttiflk #k 4I vih V I^h 
f a i i e r l o 






























































































fh^ f«nMr rtf«r9 to oolour At rMH t«mp«r«tiirt (25 0>» 
A«|0 • aeciie «ilQrdrl4«t VMA • trta*thyl«]tto«| fSA « trt«th««»Uiiii»«| 
fMMI « tr&vMtltjrlaiilat iiytfrMliI^rtit* 
C»l««mt HO » »• •oUwrt L • itgiiit 0 » oreiig«| R • rt«| T • ywllfiwri 
T » ^rri 0 • c*"***} Br • htmmt ^ * ««ne« 
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wmm t 
txmw OP tmmtwtch'jpim or Bom ASf us (is pg) 
mtm mnmmm mAmmn At te3 • @*€ 
Aeim A o ^ • WA Ae^ • fifft 

























Ablinnriattoii* ntea aiv ••«# «• In %%%%« I3C* 
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AtAirtvistiont IIM« ar* ••«« «• la t«t»l» IX« 
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wmcmBtm 
f«l»l# IX tiiowB ttiat ttio following t« the mmimne^ of 
mtennlty of tB« edionr <lbtetiloa In tUc proseiaot of dtfforgot 
eniQe«« 
1^N» ireaotloii to fiighlj^ sens it lire in tbo prosenoe of V€A 
©ml fwa* fiA i» wof© Isygrosoopio oad wetor iot©rfoir«»® ia tlj« 
i«fii* fhi>9 tbe T^ • Ao^ i® ttj« best f«@g<»it ubiob to asod 
for the deteetion of eoide# feble X ioaiCGtee tho test ooder 
etoHy ie seneitive as tbe l iait of idontifiet^tioii for eitrle 
eoa tcrtorio colds i t S end 5 /m reepeotlirely. ft le elei^r 
trtm table Xt tliat tM lei^e goantltlee of lover orionlo solds 
ee «ell oe eoiMt of tlie nlaerel eelde do not interfere in the 
deteetion* Sogers eoeh ee gloeoee, etieroee ete» preeent in 
fomentioi^ frolt Joleee also do not interfere in the teet« It 
eugieete the potentiel of the reeetion in aerey of Tlneger «hteh 
ie prodoeed hjr femtntation of nloc^olio l ip ids vbloh elwayv 
ooateino eaiell eiMimts of higher orgAnlo eeide* 
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t . P«ie3lft*t "Spot »••>• In Orgenie Aii«ly«i»»« 8*i«mtte Edition, 
SIflevlar, JMttardani^  i96$| p« 688 «8d S91« 
5* Safff«ii»M.» «nfl »Miit«at»0.r*» 4.8tol•<»««•» 19%8, IJg, 8%9* 
%, A»sttrcniitlt«0«« «9j«ir,K»18»F«, una VQilt^.B*, 4*Biol*t3lieii,t 
1956» £lgp 891. 
f« 9li(ifirt»8«y Ilcedii,ll«t Sira«8»t and Ogata*K.9 m^Umm^^ 
6* ^tfeor8,B«8», AlchtertS^S.t m& mama^S^K^^ 4!t«ly»t iUm&m\f 
<9«>i ISii S*t* 
C H A P T E R > y 
icfitiMiHAflOH or ctmm mw 
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Wm eiftili«»at nmit for tt»9 mtitfmi»mt%mi of e l t r le mM 
mm h»»90 m tli« ttfvmtim ^ pmattiUrmmmmtfrne or cm tli# mtwtr 
r»eetl«xi l>«tifii«ift f|friai8«t iH^^tte aatiy^rtie {»a e l t r te 8®l^« 
f«atft%r0@H»ttisft%Q«i® netliods tire stg^ @iia Ift^^rttms* ^Kir&f9y»» 
mrlfo mii HenwBBii (4f3f) l»aw« it«e«i«ir«a tbt© reaction* ffe« 
tsethoao iMSiued Oft ibis meettiitt vem Biilbmfiwmtty mrelope^ m&€mw 
v&vtom ^KfierletntDl oimiitiime f^r tM iet«y@titi©timi of oi tr te 
mi^ In #lff«reist l>tol4^t®fel »©t®rtsli»» ffe® '^ gguit ®«»»tttirtty, 
iwa n t ^ i l l t y of til© eolot&r a«p©iiii «>ti tb© enperteeiitel e9adltioii» 
«i«a^*^»*«^»^»^*®, Aoetto natisrirtio een lie parttalljr eselwmgea 
witii otli©r «B>^ i^rt^ © aai pyrlirii»« mtth ottaer oif eat© H lieneg^. 
^t«ftioff^ and ie^lQ^«l (tfTS) toev<e rfti^nod tba ^resmie* of 
fro© ra^ioslt iortiig t&t roaetioB* m&mmtlT * la our 
la%or«torf«o i t ham %««» foend t&at pfrUiimw mn atiio %» oxeticiRiotf 
wttti ftltiftlt »fttol oaltfi of Ofi«mio mM& and tlito roooiton oa» l»o 
o««<! for the otaotttiro anil oolootlve ^ttootlon of eoa^ oaibosrlto 
•oiao onil tbotr oolto* How em ottonpt lios l>«@ii eeaa to fipi^lr 
flklo roaetion for dotomtoine eltr to •&%&» ftio roaolta oiitalnoA 
art aiteoaao^ In tttta elia|itor« 
67 
wammmmAh SEOfzon 
Attelyttoal gi^m eHftaloaltn i^nms TOi^ XS r&»iM (B fom) 
end I^ HMIX iWm>tB f«9iii (ei** form) t»i]r« tised* 
laetiNatciitg 
B«etoaii M»SA, A60l> irarlttiiy Sauaeli cti<} t^ ossli 8|»eotro8io SO 
and Speetrmto 7tO epef3!trof»t}9to«}tttey«9 ma e leotr les l lr ^eet«di 
dfmstant tesfperetisftt ««t«r tietttp en oliMtiitaii lieattng Mode end 
e @ptf*lt logBp weft! t}i^ d# 
MH nil 'Smmmmmmmmmmmmimimmiimt 
Known oaoimte of ottrio ocidi Interfering 8ab8tiiiK»« and 
vodlfflR fofoftte itolatione wore t©km in a litoro tioaker and eiraporstod 
to drynesfs tn ttee hoaitnn bloek «t 12$ •^  9 C« flien 1 ml of iolti«n« 
woo ftddod in to ttwi boelcer end egain jair8f»oreted to drimeoo ot tlio 
•mo tofli|HirAtiiro. f*o ttto drtod rt»tdae| 3 ml of oettle onhjrdrtao 
««ro addod* 4fter t^roogti wtxtngf the oolntton wt» hoetod «t A 
known t«mpor«tare for • known period of ti«ie ond ftnollr tbo 
•olot Ion woo nodo op to tho •oifi In m otandard votomotrlo f Iftoli 
tritb flootlo ftntiydrldo* fh^ »1ioon)fino« woo dotomlnod Ofoioot • 
feilenk eontolntng oodtoR fomato and ooatio anhydride* 
68 
l>tt»wit i i«ttoi i of C i t r i c Aetd 
XHoim etsoimt of o i t r t o «o ld ena i ml of Bo^ttm fonaat t 
( I f ) ver» telEecit «iraf)or«t»(9| andl oolottr «r8» aeirelop«rt l iy tii«ofle^ 
f a r 30 »tiat!iee »t Go C io e water batfe, t o t o l vol^s© wet ©ed© 
w i th eeetto iml iydr l io (5 '^t} ^foa ttteii itlisorbetioQ i$fO0 taeestirea* 
Other <eetail8 ere Q,iv(m aboim* 
IgQlf l t toa of t&fe i*ro«t»ot 
Ttjo r®« f»ro«3iiet oMeii i«a hy beating o i t r t o ©old (C,JO g ) , 
oeet ie aiibsndrlde ( iO ml) &a& eodiiM forts^to <1»36 g) VHB oasordiod 
oa a o i l too ge l ooltom* mio oolmm vae <ir08tie<} with o l i lorofora* 
A etsell po r t i on of tbe eoloortd i^ro^oot vntm elcited w i tb t l io 
eliioroforra i ^ i l o eoot o f ttte pro#atet otoyoa i n tfoo eolnsii wtitofe 
«fi« ol t t toi l w i t l i ethaool* A re& gota^ prodttot west recovered f r o » 
etb«i io l* 
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mnvtm 
flgair* 1 shovs ttmt tn i t i e l l r tbe ooloor tovmed hy 
l!«otttig oitrie ecidf naSivm foraete Goa eectto etibydrl<l9, liae 
tvo bends at ysm nm eod 540 «»* dfibsoifbenee «t 540 UES ie btgber 
thm tbet ct liiOO m&m Mter 24 botirs epeetrfia reteaitis tb« satne 
(figure 3K Wow»v«rf «ft©r 72 boars bfoaa bena ot 5%0 »» 
at9®pp@®r8* imie ooloor also ab0Of1>« in tb« irr f^ngti (tigtiit» SK 
M &tkmm in figure 4 tber# i s &n inereeeo In obeox^cQoe 
vitb t«»p«rattire, 
A» thomn in figtirt 5 «b«oH»aitc0 fe l i e vitb tixm ttherplj^ 
ot 100 C <corv«e € «ifl «' ) • fbere 1« e ncgllnible obaiif« in 
ab«oi%eiie« «t 40 0 (earv»8 e eo<S « ' ) • 9b« absov f^knoe «t 60 C 
ana 555 nm ia bigbar thatt tbat ot 60 0 and 400 nm* Aftar ona 
tmd balf bonra abaotbanee at botb %tm wavalati^thi baecraiastba 9mwm 
(etinma b and b' ) • Fignra 6 abova tbat tbc* eolonr aavaloftad by 
baating at 60 C for 50 sinotaa ia atabla for 40 sinataa at mon 
tawparatura (20 C>* 
fnf Inanca of Sodiow Poiwiata 
Aa abowB in f igora 7 abaoi1>aBea inoraeaaa wltb tbe 
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eotxMmtmtloii of wodinsi foxi»ate« ftm at>eorliaie« In eonsteiit 
• t tilt ooii0eiitr««loii rm^e from 2 to 6 mg mi • 
Oalitiiititiop ttvtmm 
Figure 6 Bhwm ttmt ttits ooloor i«@etlaa folloits tli@ 
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a - A f t t r 10 minutes 
k-Aft«r 72hour8 
« - For purified product 
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Wavelength (n m ) 
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FIG 1 ABSORPTION SPECTRA OF THE COLOURED PRODUCT. 
CA(100>ig )»CF(40mg ), AC2O ( lOml ), 10 mi n. 









a-For purified product 







240 280 320 3 6 0 
Wavelength (T>«« ) 
FIG 2 UV SPECTRA OF THE COLOURED PRODUCT; 
CA {100 /J9) ,SF (/40ing ),AC2 0 (10 ml), 















a - A f t e r tO minutes 
b - Af te r 24 hourt 
JL X X 
360 400 440 480 520 560 
Wavelength ( n m ) 
600 6 4 0 
FIC. 3 ABSORPTION SPECTRA OF THE COLOURED PRODUCT; 
CA( 3 0 0 ^ 9 ), SF ( lOmg ), AC2O ( 5 m l ) , 30 ro in.HEATING 















a - A t 
b - A t 
400f t m 
535 nm 
X ± X 
4 0 8 0 120 
Temperature {**C J 
160 
FIG. 4 EFFECT OF TEMPERATURE ON THE 
COLOUREDPRODUCT: CA ( 2 0 0 > i g ), 
SF (lOmg ), Ac^O ( 5ml ) ,30 min. 
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4 0 0 nm 
5 3 5 nm 
4 0 0 nm 
5 3 5 nm 
4 0 0 nm 
5 3 5 nm 
2 0 4 0 6 0 
Time (min.) 
8 0 . 100 120 
F IG . 5 EFf^ECTOF TIME AND TEMPERATURE ON THE COLOURED 
PRODUCT: C A ( 1 5 0 ; « g ) . S F ( 20mg ) , AC20 ( 5 m l ) 
AND SPECTRONIC 2 0 
76 
0.40 







a-At^OO n m 
b-^t53 5 n m 
1 X 
2 0 4 0 . 6 0 80 
T ime (min.) 
100 120 
FIG. 6 EFFECT OFTIME ON THE COLOURED PRODUCT: 
CA ( 3 00>ig ) . SF ( 40nig ) , AC2O (lOmI ),30min 














a - A t AOOnm 
b - At 5 3 5 nm 
X X X X X X 
10 0 2 4 6 8 
Sodium Formate (mg ml'M 
FIG.7 EFFECT OF CONCENTRATION OFSODIUM 
FORMATE ON THE COLOURED P R O D U C T : 
CA (lOO^g ) , SFtVARIABLE). Afc20 dOml) , 












a - At AGO n m 
b - At 535 nm 
0.4 
0.2 -
2 0 4 0 6 0 8 0 
Citric Acid (jug ml-^) 
FIG. 8 CALIBRATION CURVE OF CITRIC AC I D;CA( VARIABLE), 
SF (10ti»9 ) , AC20( 5 m l ) , 3 0 mi n. HEATING 
AT 60*0 AND SPECTRONIC 2 0 
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tmw tit 
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mmmmumm or cnmc ACTD (too^) XN vei pmnmm 
or 8(»« roseioi SCBSIWHOSS AT 6O • 8*c 
81» rorwipi ««%»t8iiet taken Otirio «eia foim^ H ©troi* 
400 wm 939 nsi 400 tm 999 ns 
i» iie«tie He id 
@» roinsto aetti 
9* BirSfoeliloyio aeid 
4 * I<IIO%<lfl# 
9« Hallo aol« 
6* Malanle aota 
t * liaUaat 
• • Oxalie acid 
9« <2iiiala aoid 
10* 8«eft>aa 
11* Sttoolttle aald 
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9lt« oolortiBetrie »*ttiod presented In t!}t» ehapttr in 
Gtnrplor ana rcprodiiotble (TaUlt X2t)« Wi« !8«tbo« eppeart to 1»e 
iteeftil for dotemliiliis e i i r l o aetd In tti« proeenec of other ooldt 
«oa »alt» (Table XIfI>» Tehte XIV sliowfi that the se^tieiiea of 
aljeoi^ciiioe for different ©elds t® as followat ota-aeonltto > 
traQfuaooatttlo > ©ttr le > taocltrl© >«>c-lietogIoterte • oxelofieatio 
m t^alonlo • tar tarto* el»«»Aeo»ittOy trane^eeonttiOf o i t r i e and 
laocitrlo aotda oan be <!etefigtii«d Iti ttia praeanee of od-ieetoglii-
tariOf oxaloee©ttC| miifmtey tar tar ic aolds «te» fhe esatfeoa to 
store ealeetiirc at 18 G thm 60 C» Bovavar^ I t la eore aeatl t tve 
at 60 C* fliaea fIttdlogs are to good agrtaetent nrltb the reaolta 
raportaa by aaffran at ai« (fi^ble 3tIII>« Tba preeent @atlio<a for 
o l t r lo acta la foor t in ts mH tan tlmaa loaa an^altlva ttian 
Saffraa'a and <5oottro»«»» taatboda reapaotlvaly wblla I t la ttiroo 
3 tlnae wore aanaltlva than Bartford'a mtttho^ (fablaa I T ana XVT)* 
Maehatilaia of tha waaetton 
SpaetroM of tha prodoot of thla raaotloti la oanalatad 
of a bandi at 380 nn ana » broad and atrong band at 530 »«• 
Spaelaa oorraapooda to 530 nan la laaa atabla ( f I fora 1» aptotra b) 
aa aftar 78 honra band at 530 aa dlaappaara. I t alao abaorba In 
nl t ra v lo lat ragl^n (flgora S* apaotra « ) • I t la abaorbed by 
both Dovax 50V.X8 (B'*' fom) and Pemvjt IV^XS ( c r f o n i ) * I t 
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Meat tiiat the r«d prcMloet 1« a cwttterton* fti« l»ol«t«d product 
tiftv tberp Bpeotrusi tii tlie visible rang* with » bona at 580 nm 
(tlgay« t» aptetfitM C) and tt aXao a1>soi%s i s ttia ultra violat 
ragion (figura S, apaetnm h)» ftiaae raaolta along vitti ahown 
in figoraa 3*^93^6 and 7 indicate tha involvement of variona 
apeeiaa in thia eoloar reaction* titerotnre abova that oitrio 
©cid*^, i*an heatad at i56*C gtvaa oitraaonio and iteoonie 
enhydride© end acetona* Bigtiar aeid wUiydridea • ' nan he 
olitainad hy haeting them witb aeetio anhydride, Varioua poaaibla 
apaaiea fon^ed *y baotini o i tr ic ceid atona and witti aoatie 
anhydride or© givan on pagaa 8^ to «** ftia following raaolta 
indioata tha praaanoa of apaoiaa (17)« N*H«8« apaetra of tha 
ieolatad product eonaiatad of aignela ooonrring at S » ^«S6 (^ ^A) 
and 6 « i«5 ( i »B)« X.D* enalyaia hy SBr method ahoira a atrong 
and hroad ahaorptton hand indicative of anhydrida gronp at 
iTSO an « Hovavary »aaa analyeia end alaeiantal analyaia data 
do not agraa with epaciaa CfV)« Sodion foreiata ' or tartiary 
aiilne only aota ttn a catoliat baeaoaa tl^ colour davalopa v««y 




C(OH)COOH + AC20 
I 
CH2COOH 
( I ) 
CHCOOH 
(I 
•*- C COOH • 2CH3COOH 
1 
CH2COOH 
( I I ) 
CH2COOH 




(11 ) • A t 2 0 -*• CHCO 





( I V ) 
+ 2CH3COOH 











( V I ) 
• 2CO2 
EFFECT OF HEAT ON CITRIC ACID IN THE PRESENCE OF 
ACETIC ANHYDRIDE AND SODIUM FORMATE 
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( V ) + AC2O ^ CH CO 





^(VI ) • AC2O •* CH2 
C CO 
I > 0 
CHgCO 
+ 2 CH3COOH 
{ X ) 
EFFECTOF HEAT ON CITRIC ACID IN THE PRESENCE OF 
ACETIC ANHYDRIDE AND SODIUM FORMATE 
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Selective Colorimetric Detection of Carboxylic Acids 
H. S. Rathore, M. N. Akhtar and S. K. Sharma 
Chemistry Section, Zakir Husain College of Engineering and Technology, Aligarh Muslim University, 
Aligarh-idiOOl, India 
A selective colour reaction for the detection of carboxylic acids has been 
developed. Acetic anhydride in the presence of ammonium carbonate, 
sodium carbonate and the sodium salts of acetic, formic, oxalic and pyruvic 
acids is used as the reagent. Amongst 39 acids, citric, isocitric, a-keto-
glutaric and oxaloacetic acids can be detected selectively. 
Keywords: Carboxylic acid detection; colorimetry; acetic anhydride reagent 
A solution of citric acid in acetic anhydride has been used for the selective detection of tert iary 
amines.1 Feigl^ remarked that the chemistry of the colour test seems to be complicated and 
has not been elucidated. The solution of citric acid in acetic anhydride also gives colours 
with salts of tert iary amines, quaternary ammonium salts, salts of potassium, rubidium, 
caesium, strontium and barium, and salts of alkali and alkaline earth metals with organic 
acids. However, the colour reaction between citric acid - acetic anhydride and salts of 
alkali metals has not previously been studied for the detection or determination of carboxylic 
acids. An a t tempt has been made to use this reaction for the selective detection of certain 
carboxylic acids and a-ketoglutaric acid in particular. 
Experimental and Resul t s 
Materials 
All chemicals and reagents were of analytical-reagent grade. An aluminium heating 
block maintained at 165 i 2 °C was employed. Aqueous or ethanolic solutions of the test 
substances (1%) were prepared. When it was not possible to prepare a 1% solution, a 
saturated solution was used. Dowex 1-X8 anion-exchange resin (20-50 US mesh) was 
converted into the carbonate, formate, acetate and oxalate forms by treatment with a 1 M 
aqueous solution of sodium carbonate, formic acid, acetic acid or oxalic acid, respectively. 
The resins obtained were washed with distilled water and dried at room temperature (25 °C). 
General Procedure 
Two or three drops of the solution of the test substance (1 mg) were evaporated to dryness 
in a micro test-tube by cautious direct heating in order to eliminate all moisture, cooled to 
room temperature and then two or three drops of acetic anhydride were added. The colour 
that developed was noted, then the contents of the tube were heated at 165 ± 2 °C in the 
heating block for 5 min and the colour that subsequently developed was also noted. The 
results obtained are given in Table I. 
Two or three drops of the solution of the test substance and an equal volume of a 1% 
aqueous solution of ammonium carbonate, sodium carbonate, sodium pyruvate, sodium 
formate, sodium acetate or sodium oxalate were evaporated to dryness in a micro test-tube 
and the above procedure was followed. The results obtained are given in Table I. Limits 
of detection are given in Table II . 
The above procedure was then carried out but in place of the aqueous solutions of salts, 
8-10 anion-exchange resin beads in the carbonate, formate, acetate or oxalate form were 
used. The limits of detection are given in Table II. 
Detection and Semi-quant i tat ive Determination of Carboxylic Acids in the Presence 
of Foreign Substances 
As a result of this study, it was concluded that sodium acetate - acetic anhydride was the 
best reagent for the detection of carboxylic acids. I t was used for the detection of carboxylic 
acids, using a-ketoglutaric acid as a representative compound in the presence of large amounts 
^ of foreign substances. 
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TABLE I 
DETECTION OF ACIDS USING DIFFERENT REAGENTS AT 165 ± 2 °C 
Analyst, Vol. 105 
Colours: NC no colour; V = very; L = light; O = orange; R = red; Y 
B = blue; Br = brown. 
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* The former refers to the colour at room temperature (25 °C) and the latter at 165 ± 2 °C. 
Detection of ix-ketoglutanc acid 
A known volume of the aqueous test solution (250 /.ig), two or three drops of sodium acetate 
solution (2 mg) and a known volume of a solution of the interfering substances (as listed in 
Table III) were evaporated to dryness in a micro test-tube in order to eliminate all moisture, 
then cooled to room temperature. Two or three drops of acetic anhydride were added and 
the solution was heated at 165 ± 2 °C. The results are given in Table III. 
Semi-quantitative determination of oa-ketoglutaric acid 
Known volumes of the solution of the test substance and 8-10 resin beads in the acetate 
form were placed in different test-tubes and the above procedure was followed. The results 
obtained are given in Table IV. The colours of solutions of unknown concentration were 
developed in the same way and then the nature and intensity of the colours were compared 
with those obtained from the solutions of known concentration. 
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TABLE II 
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LIMITS OF DETECTION OF SOME ACIDS (IN MICROGRAMS) USING DIFFERENT 
REAGENTS AT 165 rh 2 °C 
The colour developed was the same when either the salt solutions or the ion-exchange resin beads were 
used 


















































































Behaviour of Other Compounds 
Various organic compounds (1-2 mg) were tested by the recommended procedure and were 
found not to interfere The following compounds were tested amines, amhne, diethanol-
amme, dimethylamme, diphenylamme and trimethylamme, amides, acetamidc, benzamide, 
and salicylamide, alcohols, butan-1-ol, ethanol, methanol and propan-1-ol, aldehydes, 
benzaldehyde, o-nitrobenzaldehyde, sahcylaldehyde and vanillin, carbohydrates, glucose, 
lactose and sucrose, esters, ethyl formate, ethers, diethyl ether, heterocyclic bases, indole, 
nicotine and pyridine, hydrocarbons and their derivatives, benzene, carbon tetrachloride, 
chlorobenzene, nitrobenzene, light oil and o-toluidine, ketones, acetone and acetophenone, 
phenols and their derivatives, catechol, hydroqumone, qumolin-8-oI, phenol and resorcinol 
TABLE III 
DETECTION OF (X-KETOGLUTARIC ACID (250 jug) IN THE 
PRESENCE OF INTERFERING SUBSTANCES 
Substance 














































The following compounds (1-2 mg) were found to interfere, the colours developed are 
given in parentheses cinnamaldchyde (light yellow), ^-nitrophenol (hght yellow), pyrrole 
(red), thiourea (yellow) and urea (yellow) 
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Discussion 
From Table I it can be seen that acetic anhydride alone gives colours with various acids, 
but the sensitivity of these colour reactions is low and they cannot be used for analytical 
purposes. 
Acetic anhydride in the presence of ammonium carbonate gives colours with 12 of the 
acids. Acetic anhydride in the presence of sodium carbonate gives colours with 14 of the 
acids, with higher intensity than those with ammonium carbonate. Acetic anhydride in the 
presence of sodium pyruvate gives colour with all of the acids except' pyruvic, glutamic and 
boric acids and it therefore cannot be used for the selective detection or determination of the 
acids. Acetic anhydride in the presence of sodium formate gives colours with 20 of the acids, 
in the presence of sodium acetate with 7 of the acids and in the presence of sodium oxalate 
with 8 of the acids. 
Hence acetic anhydride in the presence of sodium acetate or sodium oxalate is more selec-
tive than in the presence of sodium formate. Table II shows the following or"der of sensitivity 
of the colour reactions of acetic anhydride in the presence of the different sodium salts: 
sodium formate > sodium carbonate > sodium acetate > sodium oxalate. Thus, acetic 
anhydride in the presence of sodium formate can be used for sensitive detection and in the 
presence of sodium acetate or oxalate it can be used for selective detection. For example, 
ketodicarboxylic acids (a-ketoglutaric and oxaloacetic) can be distinguished from keto-
monocarboxylic acids (glyoxalic and pyruvic). Perhaps the ketomonocarboxylic acids do 
not react under the conditions used. Similarly, hydroxytricarboxylic acids (citric and iso-
citric) acids can be distinguished from hydroxydicarboxylic acids (malic and tartaric). 
Acetic anhydride in the presence of sodium acetate gives a greenish blue colour with a-keto-
glutaric acid, which is different to those of the remaining 38 compounds (Table I). The 
limit of detection of a-ketoglutaric acid is 20 fig (Table II). At low concentrations (less than 
100 jLig) it gives a brownish blue colour instead of greenish blue, and then cannot be distin-
guished from oxaloacetic acid by this procedure. However, aspartic, glutamic, glutaric and 
pyruvic acids, alanine and BSA give no colour and do not interfere in the procedure (Table 
III). 
Table IV shows that anion-exchange resin beads in the acetate form in the presence of 
acetic anhydride can be used for the semi-quantitative determination of a-ketoglutaric acid. 
It is of interest that pyruvic acid does not interfere with this determination of a-keto-
glutarate, nor does oxaloacetate when the keto acid concentration is not extremely low. 
These observations, together with the finding that substantial amounts of BSA also do not 
interfere, suggests the possible use of this reaction in the assay of transaminases such as 
glutarate oxaloacetate transaminase and glutarate pyruvate transaminase. 
TABLE IV 
SEMI-QUANTITATIVE DETERMINATION OF a-KETOGLUTARic ACID BY 
THE USE OF ANION-EXCHANGE RESIN BEADS IN THE ACETATE FORM 
AND ACETIC ANHYDRIDE AT 165 ± 2 °C 
Amount of a-ketoglutaric 






* Abbreviations as in Table I. 
The results show that acetic anhydride alone reacts with acids very slowly, even at high 
temperature (165 °C), whereas in the presence of salts it reacts very rapidly at 165 °C. 
Higher acids, such as ketodicarboxylic and hydroxytricarboxyhc acids, give dark colours. 
It is knowri^ that the higher acid anhydrides can be prepared by heating a mixture of the 
acid and acetic anhydride. These observations suggest that in the colour reaction higher 
acids react with acetic anhydride to give a higher acid anhydride. The anhydride so formed 
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reacts with acetic anhydride to give a coloured product and salts act only as catalysts. The 
following reaction scheme may be proposed for the acetic anhydride - a-ketoglutaric acid 
reaction in the presence of a salt. 
(CH3CO)20+ HOOCCH2CH2COCOOH • (OCCH2CH2COCO)20 + 2CH3COOH 
I 
l + fCHaCOlaO • 
0 
CH3CO-
C H 3 C 0 - < A Q 
0 
II 
The large conjugated system of structure II seems to be responsible for the colour. 
We thank Professor M Qureshi, Head, Chemistry Section, for providing research facilities 
and Dr Saleem Uddm, Reader, Biochemistry Department, for helpful suggestions. M. N. A. 
is grateful to U.G.C. (India) for providing financial assistance. 
References 
1 Ohkuma, S , / Pharm Soc Jpn , 1955, 75, 1124 
2 Feigl, F , "Spot Tests m Organic Analysis," Seventh Edition, Elsevier, Amsterdam, 1966, p 252 
3 Fmar, I L , "Organic Chemistry," Volume I, Sixth Edition, Longmans, London, 1973, p 260 
Received, August 29th, 1979 
Accepted October 1st, 1979 
Analytica Chimica Acta, 117 (1980) 407-410 
© Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands 
Short Communication 
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Summary. A simple and selective colour reaction based on reaction with acetic anhydride 
and citric acid is described. The identification limit is 10 Mg of sodium formate. 
Feigl [1] has reported that citric acid in acetic anhydride gives a sensitive 
colour with tertiary amines which can be used for the selective detection of 
tertiary amines. Citric acid in acetic anhydride also gives a colour with alkali 
and alkaline earth metal salts and quaternary ammonium salts. The chemistry 
of the reaction is unknown, and the reaction* has not previously been applied 
for the detection of organic acid salts in organic acids. Commercial formic 
acid often contains formates or acetates even though it is designated as 
"pure". Therefore the above colour'reaction was studied and applied to test 
foj'such impurities as described below. 
Experimental 
Reagents and apparatus. All chemicals used were of analytical grade. An 
electric water bath was used for heating and a spirit lamp was used for 
evaporating the solution. Aqueous or ethanolic solutions (1%) of the test 
substances were used. Where it was not possible to prepare a 1% solution, a 
saturated solution was used. 
Procedure. The test solution (1—2 drops) was evaporated to dryness in a 
micro test-tube by cautious direct heating. (Alternatively, several mg of the 
solid was used.) After cooling, 1 or 2 drops of ethanolic citric acid solution 
(2%) and an equal volume of acetic anhydride were added and the mixture 
was heated at 100°C for 5 min. The colour developed was recorded. A red 
colour denoted the presence of sodium formate. 
Results 
The responses of compounds which gave colours in the test procedure are 
summarized in Table 1. Organic compounds (1—2 mg) were tested by the 
recommended procedure and were found not to interfere. These compounds 
were as follows: acetic, ascorbic, benzoic, cinnamic, formic, gallic, glyoxylic, 
lactic, nicotinic, m-nitrobenzoic, p-nitrobenzoic, pyruvic, salicylic, adipic, 
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TABLE 1 










































^No colour formed before heating. 
fumaric, glutaric, a-ketoglutaric, maleic, malic, malonic, oxalic, oxaloacetic, 
phthalic, succinic, tartaric, citric, isocitric, aspartic, glutamic, boric, uric, 
hydrochloric, nitric, perchloric and sulphuric acids; alanine, arginine hydro-
chloride, L-cystine, cysteine hydrochloride, glycine and L-lysine; aniline, di-
ethanDiamine, dimethylamine and diphenylamine; acetamide and benzamide; 
butanol, ethanol and methanol; p-nitrobenzaldehyde and vanillin; glucose 
and sucrose; ethyl for—nte, ether, indole, benzene, carbon tetrachloride and 
o-toluidine; acetonej^ igtophenone, catechol, hydroquinone, phenol and 
resorcinol; sodium chloride and sulphate. 
The following compounds gave a colour, and interfered with the test: nico-
tine and pyridine (dark red), nitrobenzene (pale orange), pyrrole (pale yellow), 
trimethylamine (brown), thiourea and urea (red). It is interesting that some 
salts can be distinguished on the basis of the colour developed (Table 1). 
Table 2 shows that the test can be carried out in the presence of many 
acids and salts, and that sodium formate can be detected in concentrated 
formic acid and glacial acetic acid. The test can also be used to detfect other 
TABLE 2 

















































*P = pale, D = dark, V = very, R = red. 
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alkali metal salts of cEirboxylic acids in carboxylic acids. This was achieved 
for sodium acetate, sodium citrate and sodium oxalate in formic, acetic and 
citric acids, respectively. 
Nature of the reaction 
Acetic anhydride reacts with citric acid to give a red colour very slowly at 
room temperature and slowly at 100°C. In the presence of certain salts 
(sodium formate, citrate, phosphate, etc.), inorganic bases (sodium hydroxide, 
calcium hydroxide, etc.) and organic bases (trimethylamine, pyridine, etc.), 
the colour develops rapidly and the reaction can be used analytically. Acetic 
anhydride does not give any colour with citric acid in the presence of neutral 
salts such as sodium chloride and sodium sulphate. In the presence of water, 
the acetic anhydride—citric acid—sodium formate reaction mixture does not 
turn red, because of destruction of the anhydride. Hence, it seems that acetic 
anhydride reacts with citric acid to give a red product, the reaction being 
catalysed by inorganic and organic bases and basic salts. 
The product of the reaction with sodium formate was absorbed by both 
Dowex 50W-X8 resin on the If-form and Dowex 1W-X8 resin in the chloride 
form. The product could not be eluted from the resin with ammonia solution 
(4 M), benzene, chloroform, water, ethanol, acetic acid, hydrochloric acid 
(4 M), methanol or sodium hydroxide (1 M), which indicates that the red 
product is a zwitterion. When subjected to paper chromatography, the red 












































benzene, ethanol and water, respectively. The absorption spectrum of the 
citric acid--acetic anhydride—sodium formate mixture between 400 and 
600 nm shows a single peak at 510 nm. 
Higher acid anhydrides can be prepared [2, 3] by heating them with 
acetic anhydride. Citric acid, when heated, gives citraconic and itaconic 
anhydrides and acetone. On the basis of the above experimental results and 
literature evidence, therefore, it may be concluded that citric acid reacts 
with acetic anhydride in the presence of a basic salt, which acts as a catalyst, 
to give citraconic and itaconic anhydrides. These anhydrides react further 
with acetic anhydride (AC2O) in the presence of a basic salt to give a coloured 
product. The following reaction scheme, taking place at 100°C, can be pro-
posed. 
Mr. M. N. Akhtar is grateful to U.G.C. (India) for providing financial 
assistance. 
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